 1  0 
structure of the microbiome (68, 69) . Seasonal variation in wild howler monkey diet is also 1 3 7 correlated to shifts in the microbiome (70). Mediterranean fruit flies (71) and olive flies (72) 1 3 8 acquire microbes from their food that increase clutch size and oviposition rate of females 1 3 9 8 exposed to diets lacking essential amino acids (71, 72 and Provetellaceae in the gut (58, 74) . Moreover, the presence of many rare bacterial groups in to date examined members of the gut microbiome and found that the bacterial family 1 4 9
Christensenellaceae has the highest heritability (h 2 = 0.39), and associates closely with other 1 5 0 heritable gut bacterial families (77) . Human genetic background also influences the risk of by microbial community relationships that reflect host phylogeny (30), has also been reported in 1 5 4 several cases. For instance, closely related Nasonia species that diverged roughly 400,000 years 1 5 5 ago share more similar microbial communities than species pairs that diverged a million years The overall complexity inherent in microbial community structures and processes may be problematic for animal holobionts seeking to interpret a vast array of signaling information.
1 7 1 microbial symbionts, then the inclusive fitness framework may also apply to holobionts in which 1 7 2 specific microbial symbionts may influence their reproductive success by increasing the 1 7 3
reproductive success of their hosts through microbe-specific and/or microbe-assisted mating. A 1 7 4
case-by-case analysis of the reliance of the symbiont on the host for transmission (e.g., maternal, 1 7 5 social, environmental transmission) will augment the relevance of this framework. even carry different odor profiles based on material-specific bacterial colonization (99, 100). The salient theme among the aforementioned cases is that host-associated microbes 2 4 6 frequently emit odors, and sometimes this microbe-specific chemosensory information can affect choice and pollinator attraction, are also likely to be influenced by microbe-specific products. Drosophila sechellia exclusively reproduces on the ripe fruit of Morinda citrifolia, which is toxic 2 5 7
to other phylogenetically-related Drosophila species, including D. melanogaster and D. concerted effort of scientists of diverse backgrounds to explore questions at the boundaries of impacts the origin of species, and identifying the mechanisms involved in these interactions. Wolbachia, Spiroplasma, Rickettsia, Cardinium, and several other endosymbiotic 2 7 0 bacteria can change animal sex ratios and sex determination mechanisms to increase their 2 7 1 maternal transmission and thus frequency in the host population from one generation to the next. Notably, these reproductive alterations affect mate choice (107), and here we highlight a few Cytoplasmic Incompatibility: Wolbachia are the most well-studied reproductive distorters 2 7 6 (108, 109) and are estimated to infect approximately 40% of all arthropod species (110). Across which Wolbachia-modified sperm from infected males leads to post-fertilization embryonic 2 7 9 lethality in eggs from uninfected females or from females infected with a different strain of 2 8 0
Wolbachia, but not in eggs from infected females (111). In this context, Wolbachia-induced CI can promote the evolution of mate discrimination 2 8 2 between populations or species because females can be selected to avoid males that they are not 2 8 3 compatible with (Fig. 2C ). Among closely related species of mushroom-feeding flies, of Wolbachia spread throughout the whole body including to the brain, suggesting that 2 9 8
Wolbachia can also inhibit pre-existing mate discrimination (117). These cases reveal, to varying degrees, that Wolbachia can be causal to the evolution of 3 0 0
assortative mating within and between species. Indeed, population genetic theory demonstrates 3 0 1 that mate choice alleles spread quicker in populations or species with CI than those with nuclear 3 0 2
incompatibilities (118). This is primarily due to the dominance of these Wolbachia-induced populations and initiate the first steps of the speciation process ( Fig. 2A ). One significant caveat 3 1 4 in this conceptual model is that the infected population will go extinct without uninfected males 3 1 5
to mate with. Thus, if mate preference based on infection status was complete, it would cause 3 1 6 speciation between the infected and uninfected populations, resulting in the immediate extinction 3 1 7
of the infected population that requires uninfected males to reproduce. We term this phenomena 3 1 8 "behavioral extinction" (Figure 2 ). Wolbachia-induced male killing can reach a state of equilibrium, as suggested by their (127), and eventually an equilibrium is reached (129). However in some cases, the infection rate 3 2 3
is high (>95%), and male preference for uninfected females has not been identified (123) Feminization: Feminization, or the conversion of genetic males to morphological and 3 2 7
functional females, has similar evolutionary consequences to male killing (Fig. 2B ). This process densities possibly because they are less efficient at utilizing small quantities of sperm (128). Degeneration and (ii) Relaxed Sexual Selection (140) (Fig. 2D) . male courtship behavior and sexual functionality is often impaired (142, 146, 147 the life sciences has emerged. As such, studies of animal and plant speciation that do not account 3 7 3
for the microbial world are incomplete. We currently know that microbes are involved in a 3 7 4 multitude of host processes spanning behavior, metabolite production, reproduction, and 3 7 5
immunity. Each of these processes can in theory or in practice cause mating assortment and 3 7 6 commence population divergence, the evolution of reproductive isolation, and thus speciation. Understanding the contributions of microbes to behavior and speciation will require concerted 3 7 8 efforts and exchanges among these biological disciplines, namely ones that embrace the recent 3 7 9
"unified microbiome" proposal to merge disciplinary boundaries (148). Edward van Opstal for critique on figures. We also thank two anonymous reviewers for their Color. Science 330:1102-1104. 
